CORRELATION BETWEEN CONDUCTIVITY, ELECTRON SPIN RESONANCE AND OPTICAL ABSORPTION IN RF SPUTTERED SiOZ FILMS
M
A b s t r a c t . -This a r t i c l e r e p o r t s on c o n d u c t i v i t y , ESR and o p t i c a l a b s o r p t i o n s p e c t r a o b t a i n e d on r f s p u t t e r e d Si02 f i l m s . Measurements performed i n d i f f e r e n t ambiences show t h a t H20 c o n s i d e r a b l y a l t e r s t h e p h y s i c a l p r o p e r t i e s of t h e f i l m s . The f i r s t pumping a f t e r t h e e l a b o r a t i o n of a f i l m reduces b o t h , t h e c o n d u c t i v i t y and t h e t o t a l ESR s i g n a l -w h i l e t h e o p t i c a l absorbance i s i n c
i n v e s t i g a t e t h e p o s s i b l e i n f l u e n c e o f i n t r i n s i c d e f e c t s on t r a n s p o r t phenomena .
I n t r o d u c t i o n . -The b e h a v i o r of r f s p u t t e r e d SiO f i l m s s u b m i t t e d t o a c and d c e l e ct r i c f i e l d s i n a l a r g e t e
m p e r a t u r e range ( 7 7 -5 7 3~) h a s allowed l i g h t t o be shed on t r a n s p o r t mechanisms [1, 2, 3] . But e l e c t r i c a l measurements o n l y , have been proving i ns u f f i c i e n t t o determine c a r r i e r s and c e n t e r s r e s p o n s i b l e f o r conduction. With t h e l n t e n t of s p e c i f y i n g t h e n a t u r e of t h e l a t t e r , a b s o r p t i o n and ESR s p e c t r a were s t ud i e d i n t h e same ambiences and t e m p e r a t u r e s ; c o r r e l a t i o n between e l e c t r i c a l and opt i c a l measurements a r e t h e focus of a t t e n t i o n i n t h e paper .
C h a r a c t e r i z a t i o n . -A s t h e o b j e c t of t h i s s t u d y i s t o f u r t h e r e x p l o r e t h e knowledge of c e n t e r s a r i s i n g i n conduction , i t i s important t o w e l l d e f i n e our r f s p u t t e r e d
Si02 f i l m s . The method of helium i o n b a c k -s c a t t e r i n g a n a l y s i s [ 4 ] was used t o d e t e r - and Si02 R3.
Analogous r e s u l t s were found by o t h e r WOE e r s [ 5 ] .IR s p e c t r a and Na p r o f i l e s (de- has been measured i n t h e frequency range 40-10 Hz and t e m p e r a t u r e range 77 -5 %~ . Fig. 3 [ l ] . For T > 320K t h e c o n d u c t i v i t y obeys an e q u a t i o n of t h e form Oat = A W~ where t h e q u a n t i t y s i s l i n e a r l y t e m p e r a t u r e dependent c l o s e t o , b u t Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19814221 
F i g u r e 4 shows I n J v e r s u s F i n t h e temperature range 77-357K f o r e l e c t r i c f i e l d s up t o 9.107 ~m -l . This f i g u r e emphasizes non l i n e a r c u r r e n t v o l t a g e c h a r a c t e r i s t i c s two a c t i v a t i o n e n e r g i e s of about 0.3 eV and 0.03 eV have been noted i n t h e high and low temperature ranges r e s p e c t i -

-
v e l y . Among t r a n s p o r t mechanisms / envisaged 131 t h e most probable one is c a r r i e r hopping between d e f e c t s t a t e s b u t w i t h deformation of surroundings . 
Fig.4:Current d e n s i t y v e r s u s e l e ct r i c f i e l d .Au-Si02-Au c o~f i g u r at i o n , f i l m t h i c k n e s s 2200 A .
S o l i d l i n e s r e f e r t o measurements performed under vacuum ( I O -~ Torr) a t t h e i n d i c a t e d temperatures
ESR and 2 t i c a l measurements.-As in t h e s t u d y of e l e c t r i c p r o p e r t i e s , vacuum has -----m ---m-
been broken between f a b r i c a t i o n and measurements . Absorption s p e c t r a were measured w i t h a Cary 17 spectrometer and ESR s p e c t r a were o b t a i n e d w i t h a Varian V4502-12 spectrometer i n t h e X band (9.8 GHz) . F i g u r e 6 r e p r e s e n t s ESR s p e c t r a a f t e r d i f f e r e n t t r e a t m e n t s . Figs.5-6:Room temperature ESR s p e c t r a (except s p e c t r a 17,18,20,21 performed a t 1305C) I n f l u e n c e of d i f f e r e n t t r e a t m e n t s executed i n t h e o r d e r : I Ambient a i r ( a f t e r 15 days a t ambient a i r ) =Ambient a i r ( a f t e r 3 months a t ambient a i $ ~V~C U U~ ( a f t e r 30 hours i n vacuum) EAmbient a i r ( a f t e r 1 day a t ambient a i r ) P Vacuum ( a f t e r 2 days i n vacuum) PIAmbient a i r ( a f t e r 15 hours a t a m b i e n t a i 3 Fig.7 : Room temperature o p t i c a l a b s o r p t i o n s p e c t r a . I n f l u e n c e o f d i f f e r e n t t r e a t m e n t s .
Film t h i c k n e s s -3
v .
( O p t i c a l Density) and ESR , r e s p e c t i v e l y .
A summary of o u r e x p e r i m e n t a l r e s u l t s i s a s f o l l o w s : 1) When a s -s p u t t e r e d S i 0 2 f i l m s a r e exposed f o r 3-4 months t o ambient atmosphere it i s found t h a t OD remains unchanged, ESRY ( f i g . 6 c u r v e s 1,111 and U#. 2) Vacuum b e i n g broken between f a b r i c a t i o n and e x p e r i m e n t a l s t u d i e s , i t i s observed Discussion.-From t h e o b s e r v a t i o n 2) it would seem t h a t t h e slow v a r i a t i o n of b a n d of t h e t o t a l ESR s i g n a l observed d u r i n g some hours a f t e r t h e f i r s t pumping a r e conn e c t e d . When v a n i s h i n g , some paramagnetic c e n t e r s c o u l d g i v e r i s e t o o p t i c a l l y a c t i v e c e n t e r s . According t o Holzenkampfer e t a l . L81 t h e E' c e n t e r s do n o t c o n t r ib u t e t o hopping t r a n s p o r t . Furthermore t a k i n g t h e microwave power l e v e l s used i n t h i s work i n t o account , it is p r o b a b l e t h a t t h e E ' s i g n a l h a s n o t been resolved[ 9 1 but r a t h e r t h e ESR s i g n a l s r e s u l t i n g from some m i x t u r e of E' c e n t e r s , non-bridging oxygen t r a p p e d h o l e c e n t e r s and hydrogen a s s o c i a t e d d e f e c t centersl10-121 have been
observed . The h y p e r f i n e d o u b l e t w i t h -116 G s p l i t t i n g could b e due t o t h e l a s t d e f e c t [12, 13] , its i n t e n s i t y d e c r e a s e s when pumped o r h e a t e d i n vacuum ( f i g . 6 c u r v e s 6 a n d 11) .
O b s e r v a t i o n s 2) and 4) show t h a t ambient a i r m o d i f i e s c o n d u c t i v i t y r a p i d l y b u t n o t o p t i c a l and ESR s p e c t r a . It i s s u g g e s t e d t h a t c h a r g e c a r r i e r s a r e i n t r o d u c e d independently of i n t r i n s i c d e f e c t s of f i l m s . It i s p o s s i b l e t h a t t h e c u r r e n t p a s s e s
through OH c e n t e r s i n t h e network [ l 4 1 . A s o u r annealed f i l m s have a l o s s t a n g e n t t a n 6 of t h e o r d e r of t h a t observed i n t h e r m a l l y grown Si02 f i l m s [ l , l 5 ] i t may be asked whether t h e low r e s i d u a l c o n d u c t i v i t y observed i n t h e s e two t y p e s of f i l m s a r e due t o r e s i d u a l H 0 o r t o i n t r i n s i c d e f e c t s , paramagnetic o r n o t .
2 I n v e s t i g a t i o n s concerniilg t h e p o s s i b l e i n f l u e n c e on ESR s p e c t r a and c o n d u c t i v i t y , of t h e i n t r o d u c t i o n o f atomic hydrogen i n o u r f i l m s a r e p r e s e n t l y i n p r o g r e s s i n our group .
